We recently described the development of an immunoperoxidase (IPX) procedure to detect BHV-5 in formalinfixed, paraffin-embedded brain tissue and the subsequent demonstration of the viral antigen in archived formalin-fixed brain tissue of a previously undiagnosed case of bovine nonsuppurative encephalitis. 6 Because archived formalin-fixed, paraffin-embedded tissue blocks from several other cases of bovine nonsuppurative encephalitis that lacked an etiologic diagnosis were available, a retrospective study was conducted to determine the presence of either BHV-1 or BHV-5 in these tissues. The IPX procedure was used to detect viral antigen, and a polymerase chain reaction (PCR) procedure was used to confirm the presence of viral DNA in these tissues.
The retrospective study was performed on samples from 32 cases of bovine nonsuppurative encephalitis submitted to the Oklahoma Animal Disease Diagnostic Laboratory (OADDL) from 1976 to 1995. Of these, tissues from 8 cattle were positive for bovine herpesvirus by IPX and PCR: 7 were positive for BHV-5, and 1 was positive for BHV-1 ( Table 1) .
The earliest positive case was from 1984, and the most recent was from 1994. There were a maximum of 2 positive cases in any given year. Six animals originated from Oklahoma, and 2 were from Arkansas; the geographical distribution was scattered. The age of infected cattle ranged from 5 months to 4 years; breed and sex varied. Almost all animals were rabies suspects because of the antemortem clinical signs of a central nervous system infection. Disease incidence could be described as isolated and sporadic, with no reports of other animals in the herd showing similar clinical signs of disease.
A diagnosis of nonsuppurative encephalitis was based on microscopic examination of formalin-fixed, paraffin-embedded brain tissue. Although histologic lesions varied (Table  1) , all consisted of generalized moderate to severe perivascular infiltrates within multiple sections of brain. Infiltrates were comprised of macrophages, lymphocytes, and plasma cells and were seen throughout the neuropil and occasionally within the perivascular areas of the leptomeninges. There were also occasional focal aggregates of glial cells noted in close proximity to the perivascular infiltrates. Focal areas of neuronal degeneration and necrosis characterized by a shrunken acidophilic cytoplasm and basophilic pyknotic nuclei were apparent in occasional sections in 11 of the animal tissues examined.
Intranuclear inclusions were noted within neurons and glial cells in only 3 of the animal tissues examined (nos. 879, 407, 649). The other BHV-positive animals did not show inclusions in the affected brain tissue. Although the absence of inclusions is in contrast with most reports describing cases of bovine herpesviral encephalitis, 4,6-8 inclusions may be absent, as was recently reported in calves experimentally inoculated with BHV-5. 2 Virus was isolated in only 1 of the 32 animal tissues examined. The isolation of BHV-5 from animal 407 has been described. 6 Because the histopathologic changes suggested a viral encephalitis, efforts were made in almost all 32 cases to detect virus and/or viral antigen in brain tissue at time of submission. Both tissue culture (TC) isolation and fluorescent antibody (FA) testing were used. All samples were negative for rabies virus by FA test. Attempts were made to recover or identify virus in the 8 BHV-positive cattle ( Table 1 ). The remaining 24 cases of nonsuppurative encephalitis remain undiagnosed.
The IPX procedure used in this study has been previously described; 6 the primary antibodies used to detect viral antigen in the deparaffinized proteinase-K-treated formalin-fixed brain tissues included hyperimmune rabbit anti-BHV-5 sera, monoclonal antibody (MAb) H2, and MAb L6G. MAb H2 recognizes glycoprotein gI of both BHV-1 and BHV-5, whereas MAb L6G binds to glycoprotein gC of BHV-5 only and not to gC of BHV-1. 5 These MAbs have been used previously to successfully differentiate between BHV-1-and BHV-5-infected tissues. 6 Brain tissues from all 8 animals reacted with MAb H2 ( Table 1 ). In most cases, the MAb bound very specifically to neurons and sometimes to mononuclear cells in the perivascular infiltrates. In 4 of the 8 cattle (nos. 879, 354, 407, 649) the reaction was considered strongly positive; deposition of substrate was predominantly intracellular and clearly discernable in many neurons in the brain section ( Fig. 1 ). In the remaining 4 animals, IPX reaction was considered only suspiciously positive; although a reaction was clearly discernable when polyclonal antisera was used, deposition of substrate in tissue was fainter and present in only a few small areas when the MAb H2 was used.
Brain tissue from only 3 of the 4 strongly positive cattle reacted positively to MAb L6G (Table 1) . Tissue from no. 879 and from at least 1 of the cattle we had characterized as suspiciously positive (no. 525) did not react with MAb L6G in spite of a positive IPX reaction with MAb H2. Although MAb L6G has a much lower affinity than MAb H2 for binding to viral antigen in formalin-fixed tissue, it will react positively to BHV-5-infected formalin-fixed brain tissue when viral antigen is abundant. 6 Because no. 879 had reacted strongly with MAb H2 and not with MAb L6G, we deduced from the IPX results that it was infected with BHV-1 and not BHV-5.
If viral antigen in formalin-fixed tissue is scant, as in the case of the 4 suspiciously positive cattle, a negative reaction with MAb L6G could arise from a combination of insufficient viral antigen and low binding affinity of the MAb for the formalin-fixed antigen. Because of this difficulty encountered in diagnosing and typing the virus in these suspicious cases, we developed a more sensitive PCR procedure, which can amplify herpes viral DNA present in the infected formalinfixed brain tissue and generate enough DNA to allow the virus to be typed by examination of the amplified product with restriction endonucleases (RE). Although BHV-1 and BHV-5 are closely related antigenically, they are easily distinguishable genetically by RE analysis. 3, 7, 12, 13 The PCR procedure developed confirmed the presence of BHV in the formalin-fixed brain tissue of all 8 animals that were either strongly or suspiciously positive for BHV by IPX; it also allowed for the subsequent differentiation between BHV-1 and BHV-5 in these infected tissues (Table 1) . Samples consisted of formalin-fixed brain tissue sectioned at 5 µm and digested in TE buffer (10 mM Tris, 1 mM ethylenediaminetetraacetic acid) containing sodium dodecyl sulfate and proteinase K b at concentrations of 0.6% and 0.5 mg/ml, respectively. Animal 407 and an aborted fetus infected with Formalin-fixed, paraffin-embedded tissue reacted with MAb H2, which is specific for BHV glycoprotein gI. Note deposition of amino-9-ethyl carbazole (AEC) chromogen within the pyramidal neurons (arrows) demonstrating the presence of BHV antigen in these neurons. Avidin-biotin complex (ABC) immunohistochemical staining procedure. 6 BHV-1 were used as positive controls for BHV-5 and BHV-1, respectively. Formalin-fixed brain tissue from a calf without brain lesions was used as a negative control.
The PCR procedure was essentially according to manufacturer's protocol. c Two 22-base pair (bp) primers were designed from conserved portions of published nucleotide sequences of BHV-1 and BHV-5 thymidine kinase (tk) genes. 11, 14, 18 Thus, both BHV-1 and BHV-5 tk genes were recognized by these primers, with a resultant 302-bp fragment amplified (Fig.2) . However, the nucleotide sequence of the amplified fragment was different for each BHV type. For example, only the BHV-5 amplified sequence was cleaved with RE enzyme Sma I. b Therefore, virus typing was easily achieved by examining the migration pattern of the amplified products after RE cleavage. Our primers recognized BHV-1, BHV-1.2, 6 and BHV-5 in infected tissue but did not react with normal brain tissue, BHV-2, d BHV-4, d or a BHV-1 tk deletion mutant. d PCR has been used by others to detect BHV-1 in infected samples, 11, 20 but the procedure described here differed from those with respect to primers used and in its utilization of formalin-fixed tissues.
We have previously reported on 2 of the 8 cases of BHV encephalitis described in this study. 6 This is the first report of BHV-5 detection in Arkansas cattle. Although BHV-5 was isolated from brain tissue from infected animals from Oklahoma, Texas, 7, 8 and California, a BHV-5 was detected but not isolated in the majority of cases described in this study, including those from Arkansas.
The reasons for the failure to isolate virus or to demonstrate viral antigens by FA in brain specimens were not determined. Prolonged storage of brain specimens while routine rabies virus studies were being conducted could have resulted in loss of viability. Failure to isolate BHV-1 from aborted fetal tissues has been attributed to the heat labile properties of herpesviruses and inactivation by certain proteolytic enzymes. 9 The temporal stage of infection could also be a factor; in 1 study, researchers described typical encephalitic lesions but were unable to isolate virus from brains of inoculated calves in later stages of BHV-5 infection, although virus was easily isolated from the brains in the earlier stages of infection.* There are also reports of isolated BHV-5 strains with poor growth characteristics in TC cells characterized by delayed cytopathic effects. 6, 17 Another factor to consider in the failure to isolate virus from infected brain tissue is masking of the viral antigen by antibodies. Development of humoral and cell-mediated immune responses during infection results in binding of virusspecific antibodies to viral antigens in tissues; this binding has been reported with both equine and feline herpesvirus infections. 10, 15, 16 Binding of the antibody to the antigen masks the virus, thus preventing the antibodies used in the IPX procedure from binding to the same antigen, and might also neutralize the virus and prevent its isolation in TC cells. The present findings and those previously reported [6] [7] [8] suggest that BHV-5 is circulating in US cattle, at least in Texas, Oklahoma, and Arkansas. The sporadic incidence of BHV-5 encephalitis seen over a period of many years suggest that BHV-5 has been present for at least 2 decades; yet, it very rarely causes clinical disease in cattle. However, cattle may still be latently infected with the virus, and such infections might be widespread. Like BHV-1, infected calves develop latent infection with BHV-5. 2, 12 Seroprevalence studies to determine the incidence of BHV-5 infection in cattle are difficult to perform because of the serologic cross-reactivity between BHV-1 and BHV-5; the virus neutralization (VN) test cannot distinguish between BHV-1-and BHV-5-infected cattle. 6, 13 This serologic cross-reactivity may also explain the sporadic occurrence of BHV-5 encephalitis in Oklahoma cattle; BHV-1 seropositive cattle, with immunity acquired either through infection or vaccination, might be protected form BHV-5 encephalitis.
Although BHV-5 has been associated primarily with cases of bovine nonsuppurative encephalitis, it is a respiratory virus with the potential to cause respiratory disease in cattle. Also, the virus has been isolated from at least 1 aborted fetus during an outbreak of BHV-5 encephalitis in Argentina 17 and is capable of causing abortion in US cattle. In diagnosing this virus, however, veterinarians should be aware of the difficulty encountered in isolating BHV-5 and of the potential to misdiagnose BHV-5 as BHV-1 when the VN and FA tests are used to make the diagnosis. mortality in the new kid crop and resulted in the death of about 200 kids. 4 With both subspecies, the usual clinical manifestations include agalactia, arthritis or polyarthritis, conjunctivitis, mastitis, and septicemia. 1, 7, 10 Abortions in goat herds infected with Mmm are also common (A. J. DaMassa and D. L. Brooks, unpublished data).
An additional mycoplasma, M. putrefaciens (Mp), was the cause of the death and eventual destruction of an entire herd of 700 goats. 6 In that outbreak, the primary clinical signs were agalactia and arthritis in the does and an acute polyarthritic syndrome with markedly swollen carpal joints in the kids. Also, a rate of about 80% early and late-term abortion was noticed in 1 dry-lot pen of 50 does. 6 Sixty mycoplasma isolates from aborted caprine fetuses have been presented to our laboratory for identification by various veterinary laboratories or practicing veterinarians during the last 10 years. Most of the isolates appeared to have been recovered in pure form, i.e., no other bacterial flora had been isolated when the tissues or fluids were plated
